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PREFACE

Thisresearclwasaccomplishedt the MolecularBioeffectsBranch,BioeffectsDivision, Human
Effectivenes®irectorateof the711th HumarPerformancéVing (711HPW/RHDJ) ofthe Air
Force Researchaboratory(AFRL), Wright-PattersorAFB, OH, Dr. Johnl. SchlagerBranch
Chief. Thisinterim technicalreportwaswritten for the Mixtures ToxicologyVork Unit
7757HDO05in the Aerospacd oxicologyprogramat AFRL.

Partof thereportedexperiments andatawerecompletedn partialfulfillment for the Master
Thesisrequirementsvithin Departmenbf ImmunohematologyealthSciencegrom theSchool
of Medicine andHealthSciencesat GeorgeWashingtoriniversity, WashingtonDC, andwere
completedby authorJason Jacobson. Hi4S.H.Sthesiswassubmittedanddefended
successfullynder theitle i E f f oéJetFuel Adducts orRedBloodCe | | s . 0

Theuseof pre-existinghumanblood samplesn this studywasreviewedby the AFRLInternal
Review BoardIRB No. FWR20140022N)which determinedhat this studyid notfall under
the purviewof humanuseregulationsasper 32CFR219.109(f).
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SUMMARY

Jet propulsioriuel-8 (JR-8) is theprimarymilitary fuel usedby the Department dDefense
(DoD), which consumesnorethan5 billion gallonseachyear. Jet propulsioriuel constitutes
thelargestchemicalmixture exposuren themilitary, occupationallyexposingan estimated®
million peopleannually’ Limited evidencendicates sombealthconsequences diluman
exposurego JR8. Toexaminetheimpactof jet fuel exposure®n erythrocytesthis study
examinedheimpactof five jet fuel hydrocarborcomponent®nredbloodcells(RBCs). We
examinedhebiochemi@al andmorphologicakchangeso RBCsby measuringneancorpuscular
volume(MCYV), meancorpusculahemoglobinMCH), andred cell distributionwidth (RDW).
Exposedcellswerealsoimaged usingcanningelectronmicroscopy(SEM) toverify
morphologicakchangesnd to identifytypesof erythrocyte deformability.Theinduction of
oxidativestressn chemicallyexposedvhole bloodwasexaminedusingglutathione (GSH)
depletionas amarkerof reactiveoxygen specieg:inally, microscaleghermophoresiéMST) was
usedto determinghe bindingnteractionsdetweerhumanhemoglobinandthetestsetof
hydrocarborcompounds.Theresultsindicatedthat wholeblood exposedtb toluene increased
theMCV. Forsomechemicals, MC\toluene decane), RDWtoluene octane ethylbenzene),
andMCH (ethylbenzeneyaluesweresensitive teexposurancubationtemperaturegroom
temperature versi87 °C). SEMimagingindicatedformationof ~1%crenatededblood cells in
all lower doseexposuresets.In the caseof toluene, thesmorphologicakchangesvereseenat
doselevelsidentifiedin humanstudiesfor nonlethalexposuresGSH levels significantly
decreasetbr all chemicalexposuresvith theexceptionof high concentrationsf tetradecane
andtoluene. Findly, thermophoretic analysigvealedindingaffinities betweerpurified
humanhemoglobirmonomerandthe hydrocarbonslecanetoluene, tetradecanandoctane,
with toluenedemonstratinghetightestbindingto hemoglobinwith aKp = 1.9 nM, with decane
Kp = 2.4,tetradecan&p = 8.8,andoctaneK = 5.8. Ethylbenzenelid notdemonstratany
appreciabléinding. Collectively,theapparenincreasen thesurfaceareaof thecell
membrane(GSH depletion, anohteractionbetween théydrocarbon aniemogldoin molecule
may contributeto potential toxicityin these chemicalgia adverseeffectson hemodynamicand
circulatoryfunction.

KeyWords:JR38; jet fuel; oxidativestresstoluene;decanepctanetetradecanegthylbenzene;

MCV; MCH; exposureRBC; thermophoresifhemoglobinjeukocyte scanninglectron
microscopy

Interim report Augus2013 toJune2014
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1. INTRODUCTION

Jet propulsioriuel-8 (JR-8) is theprimarymilitary fuel usedby the United StatesAir Force,
Departmenof Defensg DoD) andNorth Atlantic TreatyOrganizationNATO) allied
countries-*? It is akerosenebaseduel with acomplexcompositioncontainingmorethan 200
aliphatic andaromatic hydrocarbocompounds.The DoD usesmorethan5 billion gallonseach
yearwith jet propulsionfuels constitutingthe largestsinglechemicalexposuren the military,
occupationallyexposinganestimated million peopleannually* Occupationabxposureo JR8
occursprimarily duringaircraftrefueling anddefueling,transportatiorandstorageof fuel,
generamaintenancef aircraftandmilitary vehicles, andleaning andlegreasingf parts*®
Dueto thewidespreadiseof JR8, thereis agrowingconcernregardinghe healthconsequences
for fuel handlers, mechanicandflight-line personnel whareregularlyexposed. Past
exposurestudieshave indicate@nincreasedncidenceof fatigue,emotionaldysfunction,dermal
irritation, headachegostural swaymbalancesgecreasedttentionspansglevatedwhite blood

cell counts aswell asadversesffectson liver functionandthe respiratorgystent*

Onepotentialmechanisnior JP8 toxicityinvolvesincreasingcellularoxidativestressincreases
in reactiveoxygen species (RO$Jeateanoxidativeenvironmentwhich promotespoptosisin
part,by depletingcellularantioxidants likeglutathione(GSH)andinducingdirectdamagedo
DNA, proteinsandlipids.>® Alterationsin GSHIevelscanpromote oxidativestresspotentially
leadingto apoptotic celdeath’® JR8 mixtureexposureshavebeen showno alterimmune
functionaswell astriggercellularapoptosis:® Suchtoxicity is in agreemenwith other
petroleumhydrocarboroxicity studieswhich havebeenshown toelicit mechanismslependent
on oxidativestressjn additionto increasindipid peroxidation andeducingenzymatic
antioxidantdefensenechanism$®** Onesuchstudyusingbenzeneacomponent of }8,
indicatedthatbioactivation othe chemicalled to theformationof ROSdecreasingntioxidant
activity andconsequentlyncreasingxidative stres$°

In additionto potentialtoxicity to exposegbersonnelplood donationgrom an exposed
individual mayhavetransfusiorefficacy, storagdife, andtolerarce alteredby oxidativestress
inducedby hydrocarborexposure.Suchchangesn theRBC rheologicalpropertiesnay
contributeto poor outcomefor transfusiorrecipients:**? Interestingly,in additionto ROS
accumulatiorandconcomitant oxidativetresspenzene exposurésivedemonstratedtrong
associationsvith alteredhemoglobinandred cellindices.Hematologicathangesvere
examinedoy completeblood counts(CBCs)andthe datareporteda decreasén hemoglobin
contentandanincreasedneancorpuscularvolume(MCV), ameasuref RBC size>** These
dataindicatethathydrocarborexposuresnayindeedalter RBC morphologythusaffectefficacy
of oxygentransport.

While hydrocarbornducedoxidativestresamayalterthe RBC morphology certainchemicals
mayalsopenetratehe RBC membraneandbind to thehemoglobinproteinitself. Hemoglobinis

2
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themajorproteinin redblood cells, constitutingabout 90% ofhec e | dty iveight!® Previous
studieshave demonstrateghinteractionbetweerseverahydrocarbonsndvariousproteins,as
well ascellularmembrane$® It is possiblehat covalent bondingf hydrocarbon chemicats
hemoglobincouldinitiate the hematologicakffectsobservedn cellulartoxicity. Thecurrent
studyaimsto providea perspectivef the potentialeffectsof jet fuel component®n redblood
cellsandhemoglobin.

3
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2. MATERIALS AND METHODS

2.1 Chemicals

Tetradecan@viW: 198.39),EthylbenzenéMW: 106.17),0Octane (114.23)[oluene(MW:
92.14),andDecang MW: 142.29)wereobtained fronSigma(St. Louis, MO). Puritywas>98%
for octane 99%for all othertesthydrocarbons.

2.2Blood Samples

Theprojectwasreviewedby the Air Force ResearchaboratorylRB anddeterminedexempt
from humanexperimentatiomequirementasper32 CFR32219.101. Freshwhole humanblood
waspurchasedrom Bioreclamation(Hicksville, NY). Whole bloodwascollectedin
ethylenediaminetetraacetic a¢aisodiumEDTA) tubesfor SEM studiesor in sodiumcitratefor
exposurestudies. Matchingserumfrom the samesubjectwascollectedfor use in exposure

studies Expiredpackedred bloodcell (PRBC)units wereobtainedfrom the 88" Medical group
for use inhemoglobinpurification.

2.3Chemical Exposures

Samplesverepreparedn decreasingoncentrationdy usingserumasa carrier to dilutehe test
chemicalto appropriatanolarity prior to theadditionto 260 pl ofwholeblood (Table 1). The
additionof equalvolumes (in thiscase 40 pl) to thewholeblood (WB) samplewasnecessarjo
insurethat theRBC levelsareequalthroughouthedilution series Controlswerepreparedy
using300 ul ofwholeblood onlyand260 ul of whole blood mixed with0 pl of serum. All
samplesvereincubatedor onehourat 22 °C (roomtemperaturepr 37 °C prior to testing.Final
Molarity of thehydrocarbon in thevholeblood solutiorare indicatedn Table 2

Table 1. Dilution seriesfor wholebloodexposures

Compound C+S)Volume
Dilution (?;) Se”fm () a(dded)to Wil | e Blo%d (WB)
volume volume Blood Use
1 40 on 40 260m
2 40m 40m 40m 260m
3 12 pl 108 pl 40m 260m
4 20 ulof Dil 3 180 pl 40m 260m
5 20 ulof Dil 4 180 pl 40m 260m
(\j\‘/’é‘fg' oul oul 40m 260
ControlWB oul oul ou 300m
4
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Table 2. Final Molarity in solutionfor whole blood exposures

. Final Molarity in bloodsolution(M)
Dilution
Toluene Octane Decane | Tetradecane| Ethylbenzene
1 1.25 0.82 0.68 0.51 1.09
2 0.63 0.41 0.34 0.26 0.54
3 0.13 0.08 0.068 0.05 0.11
4 0.013 0.008 0.0068 0.005 0.01
5 0.0013 0.0008 0.0006 0.0005 0.001

2.4 Clinical Blood Measurements

Clinical analyse®f exposedlood samplesvereconductedisinganautomatedCoulterLH 780
HematologyAnalyzer(BeckmanCoulter,Brea,California). Hematologicablatawere analyzed
usingSigmaPlot(v.12.5)software(SanJose California). Statisticaldifferencesbetween
samplesr sample/contro{p<0.05)wereassesselly oneway repeatedneasureganalysisof
variance (ANOVA).Whennormalitywas not justifiedadditionalposthocanalysisvas
performedusingthe Bonferronior KruskalWallis tests tadetermingpairwisecomparisons.

2.5 ScanningElectron Microscopy (SEM)

2.5.1Exposureof Whole Blood. Chemicalsverediluted intomatchingserum asshown in
Table 3. A total of 80 ni of threedilutions (1, 5, and 6)ere addedo 520m PRBCs.The
blood/chemicalsvereincubatedht either37 °C or atroomtemperature (22C) for 1 hr. After
theincubationthe solutiorwasspun dowrat~1000xg for 5 min,andthe supernatant
removed.Thecell pelletwasgentlywashedhreetimes usingl ml sterile phosphatbuffered
saline (PBS)Thefinal cell pelletwasresuspended in 50@i PBS inpreparatiorfor SEM
imaging(Table 4).

Table 3. Dilution seriesfor wholebloodexposuresor SEMimaging.Dilutions1fi Hi ¢ghid o wo ,
andcontrolswereusedfor imaging.

. Compound (C rum (C+S)Volume
Dilution pl ©) Se lIJ (S) addedo Whole WB Used
volume volume Blood (WB)
1 AHiIi gh¢ 80m 80m 80m 520
3 12ul 108ul ol
4 10p! of Dil 3 90l oul
5 10l of Dil 4 90 ul 80 520m
6 ANLowo 10m of Dil 5 190m 80 ul 520m
Control -
Whole bloodplus opl 80ul 80 520
serum
Control -
Whole blood Oul opl Ol 600m
5
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Table 4. SamplesanalyzedusingSEM imaging.

Sample Dilution
1 5 Low UNDIL

Toluene37°C X X X
Toluene22°C X X
Octane X X X
Decane X X X
Tetradecane X X X
Ethylbenzene X X X
WB+S Control X
WB Control X

2.5.2 Fixing Red Blood Cells. Theexposecellswerecentrifugedl0 minat~1000xg. The
supernatanivasremovedandthe cell pelletfixed by adding2% paraformaldehyde
(PF)/2.5%gluteraldehydesolutionv/v with an incubation of 2 hatroomtemperatur¢RT).
After incubation, the cellevere centrifugedandthe solutionremoved.Thecellswerethen
washedhreetimes usinganequivalentvolume ofPBS.Thecell pelletwasdehydratedy
adding300m of 50%ethanol(EtOH) with al0min incubationat RT. Thecell solutionwas
thencentrifugedthe supernatantemovedand300ul of 70%EtOH wasadded to th@ellet
andincubatedlO min atRT. Thecell pelletwasagainharvestedandwashedwo additional
times using’0% EtOH with 10 min RTincubations.Thecell pelletwas washednetime
using300ul of 80%EtOH withalOminincubationat RT, thenagainusing3000 ul 90%
EtOHincubatedlO minRT. Three finalwashes usin00pul 100%EtOH with 10 min RT
incubationsvereconducted.Finally, 300pul of 100%EtOHwasaddedo thecell pelletand
left at 4°C until SEMimagingwas conducted.

2.5.3 Preparation of SEM Stubs. After cell fixing, 400ul of eachcell solutionwas
pipetted onto &leanaluminumSEM stub. ThestubwasdriedatRT, andkeptat RTuntil it
wasimaged.

2.5.4 SEM Imaging. ThecellswereimagedusingaJOELJSM-6610LV. Theimaging
settingg(magnificationand workingdistance)wereoptimized foreachimage.Sizes are
indicatedon eachimage.

2.6 Glutathione (GSH) Assay

Thedetectionandquantificationof glutathione(GSH)in redblood cellswasperformedy GSH
Glo™ Glutathione AssayPromega Corporatiohadison, Wisconsin)Blood samplesvere
exposedo twodifferentchemicalconcentrationsgither10 pl chemicak 90 pl whole blood orl
pl chemicak 99 ul whole blood.For controls,100 pl whole bloodvasused. All of thesamples
wereincubated for ondourat22 °Cprior to testing. The GSH assagrocedurdor wholeblood

6
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wasconductegermanufacturemstructions. Luminescenemissiorwasreadusinga Syrergy
HT multi-modespectrophotometemdappropriatdilters (Bio-Tek, Winooski, Vermont). The
backgroundsSHdependentuminescencevassubtractedrom eachdetermination.Changes
from theaveragenetsignalfor total GSHconcentratiorto thenetsignalsfor reactionswith test

compoundePectthe_eéect of thecompoundn theGSH IeveIs.Fo_ranaIP/sisof glutathionedata
werepresenteasindividual compound®r groupmeant SD. Statisticalanalysesvere

conductedby 2-tailedSt u d etest 6 st

2.7 Hemoglobin Purification

Humanhemoglobin(Hb) waspurified from PRBCsusinga modificationthe hemoglobin
purificationmethodof Sunetal *®

2.7.1 RBC Isolation from Whole Blood. A wholebloodacid-citratedextrosgACD)
unit wascentrifuged(BeckmanCoulter,Brea,California) at 3700xg for 30 minutesat4 °C.
Theplasmawasremovedrom the bottleanddiscarded.Theremainingred blood cell pellet
wasre-suspendeth a 0.9% isotonisalinesolutionandcentrifugedat 3700xg for 30
minutesat4 °C. Thewashprocessvasperformedhreetimes until thesupernatanivas
clear. After thefinal wash, thesupernatantvas removed and thredblood cell pellet
resuspendedith roughlythree volumeequivalents otold 3.75 mMphosphatéuffer (PB,
pH =7.2). Thesuspensionvasstoredat -20 °C overnight. The suspensiomvasthawedon
ice andcentrifugedat 3700xg at4 °Cfor 30 min. Thesupernatantvasfiltered through
cheeseclotlandcentrifuged twaadditionaltimesat 3700xg at4 °Cfor 30 min. The
remainingsolutionwasconcentratedising a4 mL 10 KD centrifugalfilter (Millipore,
Billerica, Massachusettsandtheretentatdiltered througha 0.45mm syringefilter (Corning,
Corning,New York).

2.7.2 Anion ExchangeChromatography. Hemoglobinproteinwaspurified from the
filtered solutionby separation using Mono Q4.6/100 PHGE HealthcarePittsburg,
Pennsylvania) anioexchangeolumnrunonanAKTA ExplorerFPLC system(GE
HealthcarePittsburghPA). Theproteinsamplewasinjectedonto the column usinglow
saltbindingbuffer (20 mM Tris-HCI pH 8.2). Elution from the columnwasachievedoy
usingalineargradientfrom 100% lowsaltbufferto 75%high saltbuffer (20 mM Tris-HCI
pH 8.2, 0.2 MNaCl) in five columnvolumes followed by a stepgradientto 100%high salt
buffer.

2.7.3 Hemoglobin Characterization. To preparghe proteinfor microscale
thermophoresianalysis, a HiPrepBuffer Exchangausinga HiPrep26/10Desaltingcolumn
from GE Healthcare wasased toexchange bufferBom theMonoQelutionbufferto 1X
PBS.Thevarioushemoglobinfractionswerequantitatey usinga Bradfordassay.
Approximately7.8 mg of hemoglobinsamplewasconcentrateihto atotal volumeof 5 mL
of FischerPBSpH 7.5buffer usingan Amicon CentrifugalFilter Unit (Millipore, Billerica,
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Massachusettsyyith afinal yield of 5mL of a1.5 mg/mLhemoglobinsolution. SDS
polyacrylamideandnativegel electrophoresisxperiment®f the purified humanhemoglobin
wereperformedunderstandarctonditions. Analysisof the purified hemoglobinsample
usingSDS anchativepolyacrylamidegel electrophoresi§PAGE)indicated that therotein
was>98%pure,andin monomerform composedf alphaandbeta unit§data noshown).

2.8 Microscale ThermophoresigMST)

Purified hemoglobinvaslabeledwith DyLight -650 (PierceThermoScientific, Waltham,
Massachusetts) andsted using Monolith NT.115(NanoTempeil echnologiesMunich,
Germany)o monitorthermophoretic changeliringbinding Theconcentratiorof labeled
proteinwaskeptconstanat8.75 nM with 16 point 1:%erialdilutions oforganic compounds
from 400 uM. MSTmeasurementsereperformed irtriplicatein hydrophilic treateatapillaries
(NanoTempeiTechnologiesysing50% LED and80% IR-laserpower. Laseron andoff times
wereset at 3Gecand5 secyrespectively.

2.9 MST data analysis
Normalizedthermophoresiprofileswereconvertedo boundfractionsaccordingo Equation 1

andplottedasa functionof compoundconcentrabn usingPrism 5(GraphPadboftware La
Jolla, California).

g, = e
(¢
® "Oq)
WhereFax = normalizedhermophoresifor the unboundtate Fmin = normalized
thermophoresifor the boundstate Fops = normalizedthermophoresifor a givenbinding

reaction.
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3.RESULTS

3.1.Clinical Data from ExposedWhole Blood
Clinical datafrom the exposuresvere testedor statisticalsignificantdifferencesusingtwo
differentmethodsOneway ANOVA usingWilcoxon/KruskatWallis with temperature as
variable facto(Table 4) andtwo-way ANOVA with exposurendtemperaturasfactors
(Table 5).

3.1.1 Mean Corpuscular Volume (MCV). Themeancorpusculavolume(MCV) is a
measuremerdf the averagesolumeof theredbloodcells presenin the sampleandis
calculatedby dividing the hematocritvalueby thetotal of RBCsin thesample Eq. 2).

Equation 2. MCV/(fL) = hematocrit (% asdecimal) X 10

RBCcount (miflions/ L)
This valuecanbe usedto estimatehevariationsin erythrocytedeformability.In this study,

the MCV calculationsvereconductedy apertureimpedancdor determination oMCV.
Thenormalrangefor humanadultMCV valuesare80-94 fL, andall control MCV datafell

well within thenormalMCV range®’

Samplesveretestedfor statisticalsignificantdifferenceswithin eachtemperaturé22 °C and
37°C) dosagesets,aswell ascomparisorbetweerthe sets22 °C versus37 °C. Usingthe
oneway ANOVA methodwith temperatur@sthefactor,only tolueneandoctanendicated
significantdifferencesn the MCV datasets,andin both casesvhencomparedetweerthe
two temperaturesTolueneexposectell sets incubateet sets22 °C versus 37C
demonstratedignificantdifferencesrom controlwith a p =0.069(Table 5, Fig 1A). Octane
behavedsimilarly to toluene with singletemperatur@analysisdemonstratingno differences,
wherea22 °C vs 37°C comparisonsveredifferent with ap =0.0010 Table 5,Fig 1A).
Most of themedianMCV valuesfrom dosedcellsincubatedat 22 °C or 37°C duringthe one
hr exposuraid notdiffer enoughto excluderandomsamplingvariability (Table 5,Fig 1A).

Two-way ANOVA analysis with exposure tirendtemperature afctorsandthe MCV data
asresponsedemonstratethat onlytetradecandid not demonstrata significantdifference,
with p valueswell above0.05 (Table 6). MCV valueswith Tolueneanddecaneexposures
demonstrated stronginteraction with exposurevels andemperaturesyith p<0.0001. The
p valuecouldnot becalculated foethylbenzeneueto testerror,asnoted.
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Figure 1. Meancorpusculahemoglobin(MCV) for whole blood exposuresA) Toluene;B)
Octane,C) DecaneD) TetradecaneE) Ethylbenzene SeeTables5 and6 for discussion®n
significantchanges.
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3.1.2 Mean Corpuscular Hemoglobin (MCH). Themeancorpusculahemoglobin
(MCH) valueis anaverageof thehemoglobinrmass peRBC, andis calculatedoy dividing
the hemoglobinmassby the numberof RBCs inthe sample Hemoglobinmass idetermined
by spectrophotometriabsorption, whileell countaredeterminedy centrifugationand
pelletanalysesgainststandardsThe normalMCH rangein humanss 27-31 pg/cell*®
Exposed samplaeseretestedfor statisticakignificantdifferencesn 22°C and37 °C dosage
sets,aswell ascomparisorbetweerthe sets 22C versus37 °C.

Samplesveretestedfor statisticalsignificantdifferencesusingaoneway ANOVA andthe
22°C and37 °C dosagesets, asvell ascomparisorbetweerthe sets 22C versus37 °C.
Noneof thechemicalexposuresndicatedsignificantdifferencesn theMCH datasets
(Table 5, Fig 2E). This wasexpectedasthe hemoglobinevelsshould remairsteadyin both
temperature datsets.

Interestinglytwo-way ANOVA analysiswith exposureandtemperatureasfactorsandthe
MCH dataasresponsedemonstratethatseveralkchemicalsndicatedsignificantchanges
(Table 6). Significantvalueswerenot seenwith toluene octaneandtetradecang-owever,
Decane demonstrataiynificancewith exposurdevels(p = 0.0180)andstronglysignificant
differenceswith interactionbetweerthe twofactors(p = 0.0016). Thereforéor MCH values
with decaneexposurestemperature alongoes noseento alterMCH valuesasmuchas
chemicalconcentrationalthoughtemperatureanalsomodulatethe MCHresponséo
chemicalexposuresAs theviscosityof decanaloes not varyvidely betweerroom
temperature an87 °C (295 to 31(K), it is likely thesechangesrenot dueto alterationdn
ViSCOsity.

80 50

0

A 1 Toluene Exposures at 22° C B [ Octane Exposures at 23 c

70 4 B Toluene Exposures at 37° C. 1 | I Octane Exposurs at 37° C

u (15)

60 40 4
g 2
I 50 T 5 35
8]
= = TaE .—Li %




Figure 2. MeancorpusculahemoglobinMCH) for whole bloodexposuresA) Toluene;B) Octane;
C) DecaneD) Tetradecanek) EthylbenzeneSeeTables5 and6 for discussion®n
significantchanges.

3.1.3 ed Cell Distribution Width (RDW). Redcell distribution width(RDW) is a
measuremerdf thevariation,alsocalledanisocytosis, ifrRBC cell size.While RDW isused
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for determinatiorof anemiasthis measuremens alsousefulfor determiningchangesn
RBC morphology RDW measurementrecalculatedusingimpedancend flowcytometry

data(Eq. 3). Thenormalrangesare11%to 14.5%RDW '

Equation 3. RDW = oneSDofRBCQolume x 100%

Meancell volume

SampleRDW datawereanalyzedusinga oneway ANOVA with temperatur@sa factor
usingdoseswithin eachtemperaturé22 °C and37 °C) setsaswell ascomparisorbetween
thesets22 °C versus37 °C. Toluene anathylbenzenelid notindicateanytemperature
sensitivealterationan RDW values(Table 5; Figs 3A, 3E). Octanedecaneandtetradecane
demonstratedo statisticallysignificantdifferenceswithin thetemperaturgroupsbut strong
differencesetweenhetemperatursets Table 5; Figs3B,3C, 3D)

Two-way ANOVA analysis with exposur@ndtemperatur@asfactorsandthe RDWdataas
responsedemonstratethatseverakchemicalscausedsignificantchangegTable 6)
includingtoluene octane anddecaneAll three chemicalexposuredataindicatedthat
temperaturechemicalconcentrationaswell asinteractionbetweertemperature/exposure,
weresignificantlyalteredRDW levelswhencomparedo controls.Decaneexposuralata
indicatedthattemperature/exposureeredependent, whilgignificant(p = 0.03)wasless
thanthatseenwith tolueneandoctang(with p =0.002and0.0001 respectively) Theeffects
of tetradecanen RDW values,usingthe tweway ANOVA, indicatedthattemperature
stronglyalteredRDW values p <0.0001)while chemicaldose did notg = 0.35 nordid there
seemto beanyadditiveeffectwith temperature/chemicdose(p =0.92).Ethylbenzene
exposuralata indicatedhatchemicaldose(p <0.0001)stronglyalteredRDW values which
werenot alteredby temperaturdép = 0.11) orinteractionbetweerthe twofactors(p = 0.26).
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Figure 3. RedCell Distribution Width (RDW) for whole bloodexposureso: A) Toluene;B) Octane;
C) DecaneD) TetradecaneE) EthylbenzeneSeeTables5 and 6for discussion®n
significantchangesError barsrepresenbnestandardieviation.

Table 5. Oneway ANOVA statisticalanalyse®f clinical datafrom testexposuresDataanalyses
wereconductedisinga oneway Wilcoxon ANOVA with temperaturasthefactorand
MCV/MCH/RDW asresponsesSignificance< 0.05at presentedh blue.
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Chemical Clinical ExposureSet
p-value Comment
Exposure Data Analyzed
22°C 0.115 * comparisomdataindicatesignificant
MCV 37°C 0.1614 differencedetweerincubationtemperatures
22°C + 37°C | 0.069* in higherdosegroups.
22°C 0.3373 Differencesn the medianvalues nogreat
Toluene M CH 37°C 0.125 enoughto excluderandomsampling
22°C + 37°C | 0.4597 variability.
22°C 0.148 isticallvsianif dif
RDW 37°C 0.0855 Eotstatstlca ysignificantdifferences
22°C + 37°C_| 0.1093 | "o weermroups.
22°C 0.232 "Analysesndicatedifferencesn values
MCV 37°C 0.227 dependentiponexposurencubation
22°C + 37°C | 0.0081 | temperature.
0,
Octane MCH ;5 og g;gg Eot statisticallysignificantdifferences
22°C + 37°C_| 0.2810 | " eeruroups.
22°C 0.111 Analysedndicatedifferencesn values
RDW 37°C 0.102 dependentiponexposurencubation
22°C + 37°C | 0.0010 | temperature.
0,
22 OC 0.333 No statisticallysignificantdifferences
MCV 37°C 0.134 betweergroups.
22°C + 37°C | 0.2290
0,
Decane MCH gg Og 8222 Dé)tj\;[:gfgtir%zﬂgssigniﬁcantdifferences
22°C + 37°C | 0.901 )
22°C 0.356 *comparisorataindicatesignificant
RDW 37°C 0.134 differencedetweerincubationtemperatures
22°C + 37°C | 0.0003* | in higherdosegroups.
0,
22 OC 0.256 No statisticallysignificantdifferences
MCV 37°C 0.574 betweergroups.
22°C + 37°C | 0.722
0,
Tetradecane MCH ég og ggi D;st:(teistirc(:)alIyssignificantdifferences
22°C + 37°C_| 0.346 Weergroups.
22°C 0.787 *comparisorataindicatesignificant
RDW 37°C 0.142 differencedetweerincubatiorntemperatures
22°C + 37°C | 0.0001* | inhigherdosegroups
0,
# 22 OC 0.333 No statisticallysignificantdifferences
MCV 37°C 0.086 betweergroups.
22°C + 37°C | 0.051
22°C 0.165 . N .
Ethylbenzene| MCH | 37°C 0.082 E‘;\f\fggfg'ﬁg’s'gmf'camd'ﬁerences
22°C + 37°C | 0.0962 '
22°C 0.088 - N .
RDW 37°C 0.127 No statisticallysignificantdifferences
22°C + 37°C | 0.096 | Petweergroups.

#Valuedor 1.0888at 22 °C werenotusedfor calculationson MCVfor Ethylbenzene
Table 6. Two-way ANOVA statisticalanalyse®f clinical datafrom testexposuresDataanalyses
wereconductedisinga two-way ANOVA with exposureandtemperaturesfactorsand
MCV/MCH/RDW asresponsesSignificance< 0.05at presentedn blue.
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Chemical Exposure Clinical Data Factor p-value
Temperature (22°C vs 37°C) <0.0001
MCV Exposure 0.0036
Interaction <0.0001
Temperaturg22 °C vs 37°C) 0.9221
Toluene M CH Exposure 0.1832
Interaction 0.4380
Temperature (22°C vs 37°C) 0.0055
RDW Exposure <0.0001
Interaction 0.0020
Temperature (22°C vs 37°C) 0.0043
MCV Exposure 0.0476
Interaction 0.0452
Temperaturg¢22 °C vs 37°C) 0.2057
Octane MCH Exposure 0.5458
Interaction 0.4720
Temperature (22°C vs 37°C) <0.0001
RDW Exposure <0.0001
Interaction 0.0001
Temperature (22°C vs 37°C) 0.0002
MCV Exposure 0.0005
Interaction <0.0001
Temperaturg22 °C vs 37°C) 0.6214
Decane MCH Exposure 0.0180
Interaction 0.0016
Temperature (22°C vs 37°C) 0.0005
RDW Exposure 0.0055
Interaction 0.0302
Temperaturg22 °C vs 37°C) 0.9838
MCV Exposure 0.1903
Interaction 0.5538
Temperaturg¢22 °C vs 37°C) 0.2115
Tetradecane MCH Exposure 0.6642
Interaction 0.5916
Temperature (22°C vs 37°C) <0.0001
RDW Exposure 0.3461
Interaction 0.9209
Temperature (22 °C vs 37°C)* 0.0602
MCV Exposure* 0.0005
Interaction* *
Temperature (22°C vs 37°C) 0.0558
Ethylbenzene MCH Exposure 0.0002
Interaction 0.0002
Temperaturg¢22 °C vs 37°C) 0.1055
RDW Exposure <0.0001
Interaction 0.0264

*Valuesfor 1.0888at 22 °C werenotusedin MCV for EthylbenzeneThereforevaluesfor 1.0888M at37° C
werenecessarilyeft off. Additionallysufficientdegree®f freedondid notexistto considertheinteraction.

3.2 ScanningElectron Microscopy (SEM) of ExposedWhole Blood
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A smallsamplefrom thewhole bloodobtainedfrom Bioreclamationwassubjected tstandard
clinical analysego determineclinical indicesprior to exposuresindimagining.Dataindicated

that the bloodvaswell within normalparameter¢Fig. 4, Fig 5).*°

Test Value WBT Histogram
\(/\\//\?gg?loodcount 8.6 x169n j'\
f
) WJ‘V_\'\‘\-\‘\"“ 1
Neutrophils% 73.1% _ -
580 160 200 L] al
Lymphocyte % 22.4 %
Monocyte % 3.5%
Eosinophils % 0.7 %
Basophil% 0.3%
NucleatedRBC % 0.0 %
RBC 5.50x10°/m
Hemoglobin 16.1 g/dL
Hematocrit 48.6 %
MCV 88.4 fL \ TBC Histogram
MCH 29.2 pg ;' l'.l
MCHC 33.1g/dL Vi
80 110 2ht 8
RDW 13.4 %
Platelet 172x10%m
MeanPlatelet 971fL
Volume
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Figure 4. Clinical indicesof whole blood sampleusedfor SEM experiments.
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Figure 5. Blood smearof sampleusedfor exposure studiedhemajority of cellsareRBCs(red
arrow),with plateletsandicated(blackarrow).

Control andexposededblood cellswereexaminedoy SEM imagingfor the presencef
crenation.Toxin damagecanbeindicatedby the presencef crenated RBCs in thadood, with
chemicallyexposedRBCsexhibitingincreasesn thenumberandseverityof speculatedcells.
As thechemicallevelsincreasean theblood, RBC morphologyaltersfrom the normalshaped
erythrocytego thespiky ovoid echinocytegFig. 6).

Echinocyte Type Il Echinocyte Type Il

00008

Stomatocyte
— 5 LM

Figure 6. Changesn redblood cell morphology Arrow indicatedevel of increasingchemical
intercalationinto thelipid bilayer.Confocalimagesadaptedrom Khairy etal. 2008%°
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It hasbeensuggested that thmorphologicalchangesnducedby chemicalexposuresirearesult
of chemicalinsertion into theutermonolayer othe membrane bilayeDifferentialmembrane
expansion is visuallindicatedby theincreasedormation ofspicules*?? Echinocytesanalso
resultfrom poortechniqueduringdrying of thecells on the stub. Theontrolsampleshow
limited to noformationof echinocytesanindication that therenatectell formationis dueto the
chemicalexposuresndnotthe SEMcel preparation.

3.2.1 TolueneExposedRed Blood Cells. Blood samplesvereexposedo 0.625 M(high

dose),1.25 mM,and0.626nM tolueneat 37 °C and 22°C. As wasfound for nearlall
chemicaldested SEM preparatiorof the high dosesamplegesultedn formation of gell-
like mass SEM analysisof high dosesamplesndicatedsignificantcell denaturatioraswell
asagglomeratior{Fig. 7C).

SEM atlowertoluene concentratior{4¢.25 mM, and 0.626M) indicatedthe existenceof
RBC morphologychanges at ~1%f thered bloodcell mass(Fig. 7A-7F). Theapproximate
guantitationof crenatedcellsdid notdemonstratsignificantdifferencesbetween incubation
at22 °C versus37 °C. However,a morerigorousSEM interrogationof exposecdtells may
identify temperaturesensitivechangesn echinocytdormation.Of the echinocytegound,
mostaretypelll as indicatedby spiculespacing(Fig. 7D, 7E). In additionto echinocytes,
stomatocyteandknizocyteswereseenat thelower toluene concentratior(§ig. 7E, 7F).

Onesubtledifference betweethe 22and37 °C incubationcell setswastheformationof
granulatedRBC cellsat 22 °C (Fig. 7E, blue arrow). The granulatedellswereidentified at
largernumberghanthoseseenat the same toluenexposurencubatedat 37 °C (Fig 7F,
otherimage datanot shown). Thisnembranealisruption maybe indicativeof moderate
chemicalexposuregseeFig. 6) ormaybe6 g h o RBCglibstsarehemolyzedccells which
no longercontainhemoglobinandaremostlyemptystructureseld in placeby a spectrin
cytoskeleton.
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Figure 7. SEMimagesof Control andtolueneexposedRBCs.A) Controli wholebloodplus
serumcarrier;B) Wholeblood; C) 0.625M tolueneat37 °C; D) 0.626nM tolueneat 37 °C; E)
1.25mM tolueneat 22 °C; F) 1.25mM tolueneat 37 °C.

Red = Echinocyte;Green = possibleKnizocyte;Yellow = StomatocyteBlue = unknown
membranelisruption.
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3.2.2 Octane-ExposedRed Blood Cells. Blood samplesvereexposedo 0.4103 M(high
dose)and0.821 mM octanandincubatedat 37 °C for onehr. As wasfoundfor nearlyall
chemicaldested SEM preparatiorof the high dosesamplesesultedn formation of gell-
like masg(datanot shown)Examinationof the 0.821 mMoctaneexposedvholeblood
revealeccrenatectell morphologiesat< 1% RBC cell mass CrenatedRBC cell shapes
includedechinocytesstomatocytesandwell definedknizocytes(Fig. 8B).

Figure 8. SEMimagesof ControlandoctaneexposedRBCs. A) Controli wholebloodplus
serumcarrier;B) 0.821mM octaneat 37 °C.

Red=Typelll EchinocyteBlue = Typell EchinocyteGreen= Knizocyte
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